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@ Method for judging discharge state of Inkjet recording head, and Inkjet recording apparatus utilising 
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@ The temperature characteristics of an ink jet 
recording head are detected, and the result of 
detection is utilized for detecting the ink dis- 
charge state. Also a statistical processing on 
the temperature characteristics detected on 
plural recording heads enables exact detection 
of the ink discharge state, not effected by the 
individual difference of tiie recording heads. 
Also there is detected the abnormality in ink 
discharge, that may occur prior to the exhaus- 
tion of ink in tiie ink tank. 
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BACKGROUND OF THE INVENTION 

Fi Idofth Invent! n 

The present inv ntion relates to an Inkjet record- 
ing apparatus adapted for use in a printer, a facsimile, 
a word processor, a copying machine or the like, and 
nrK>re particularly to a method for detecting the tenrv 
perature characteristics of an Ink jet recording head 
and judging the discharge state thereof. 

Related Background Art 

Recording apparatus for recording on a recording 
medium such as paper or a sheet for overhead pro- 
jector have been commercialized in the form employ- 
ing a recording head of various recording methods. 
Such recording head Is known, for example. In the 
wire dot method, the thermal method, the thermal 
transfer method or the ink jet met hod. Particularly the 
ink jet method is attracting attention as a quiet record- 
ing method of a low running cost, since the ink is di- 
rectly discharged onto the recording medium. 

In such ink jet recording apparatus, an ink tank 
containing ink is connected to the recording head 
through an ink supply pipe, and the ink is supplied 
from such ink tank. Sakl ink tank nrtay be formed as 
an ink cartridge which is separate from the recording 
head and is replaceably mounted in the recording ap- 
parahjs, eras an integral unit with the recording head, 
which is integrally replaceably nrKHjnted in the record- 
ing apparatus. 

In such ink jet recording apparatus, if the ink sup- 
ply is interrupted because of the exhaustion of ink. 
the ink discharge becomes no longer possible so that 
the recording abnity is lost In order to avoid such sit- 
uatk)n, there has been commercialized the recording 
apparatus with a functk>n of detecting the renruiining- 
ink amount, thus generating an alarm signal or re- 
questing the replacement of the ink tank, according to 
the amount of consumption of ink. 

For detecting the remaining ink anKHjnt, there 
has been proposed a method of counting the pulse 
signals supplied for ink discharge and thereby calcu- 
lating the amount of ink consumption, a method of in- 
specting the change in the resistance of ink itself or 
of a member holding the ink, a method of detecting 
the weight change of the ink tank, or a method of 
forming a transparent area in an ink path in the ink 
tank or in the recording head and inspecting the pres- 
ence or absence of ink in said ink path by the ot»ser- 
vatbn of the user or by a photosensor. 

In the above-mentioned method utilizing the 
count of the ink discharge pulse signals, the remain- 
ing ink amount is d t cted by calculating th ink 
amount used in recording, from th product of the 
numb r of applied pulses and th anKHjnt of dis- 
charg p r ink droplet discharged by a pulse. 



Also th method of rennaining amount detecti n 
by inspecting th resistance of ink tc. utilizes a fact 
that ordinary ink has a certain specific resistance du 
to the pres nee of wat r and other conductiv sub- 
5 stances th rein, measures the resistance f th ink 
or the member holding the ink by nrwans of a pair of 
elecbXKjes provided for example in the ink tank, and 
detects the remaining ink amount based on a fact that 
the resistance between said electrodes is correlated 

10 with the remaining ink amount 

Also the method utilizing the weight change of 
the ink tank relies on the change of force applied to 
a spring provided in a member for nfK)unting the ink 
tank, resulting from ink consumption, and detects the 

15 remaining ink amount by activating an electrical con- 
tact by the deformation of said spring. 

However, such conventional methods as ex- 
plained above have been associated with the follow- 
ing drawbacks. 

20 The limit remaining amount, at whk;h the record- 
ing operation becomes impossible, detected by the 
at>ove-mentioned methods, is influenced for example 
by the unit-to-unit fluctuation of the recording head in 
manufacture, and is not highly reliable, so that the re- 

25 cording operation may be disabled inunediately after 
the warning for such limit remaining anKHjnt or may 
still be properly conducted even after such warning. 
According to the experiments of the present inven- 
tors, such drawbacks is particularly conspicuous in 

30 case ink is held in the ink tank by means of an ink hold- 
ing member such as sponge. 

Besides the anxHjnt of ink droplet discharge per 
pulse is influenced not only by the unit-to-unit fluctu- 
ation of the recording head but also by the ambient 

35 temperature, so that the exact calculation of the 
amount of ink consumption Is difficult Furthermore, 
the detection by visual inspection or by photosensor 
has been unable to provide sufficient accuracy. 
Furthermore, the configuration t)ecomes com- 

40 plex by the presence of the detection members such 
as the spring or the photosensor, or the presence of 
the transparent area, for the detection of the remain- 
ing ink anoount 

Furthernnore, the above-mentioned conventional 

45 nnethods, though being capable of detecting the dis- 
abled recording state resulting from the interruption 
of ink supply caused by the ink exhaustion, are unable 
to detect the disabled recording state that may occur 
before the complete exhaustion of ink. Such disabled 

50 recording state before the ink exhaustion may be 
caused, for example, by bubble formation, by air in- 
trusion, in the ink path between the ink tank and the 
recording head, or by interruption of ink supply due to 
generation or growth of a remaining bubble in a re- 

55 cording head design d to gen rat a bubbi f r ink 
discharge, r by destruction of meniscus at th ink 
discharge op ning due to vibration applied t there- 
cording apparatus or the recording head, th reby 
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causing the liquid to flow into th n zzJ of the record- 
ing head from said ink dtscharg pening. 

SUMMARY OF THE INVENTION 5 

In consideration of the foregoing, the princi|>al 
object of the present invention is to provide an ink jet 
recording apparatus capable of detecting the temper- 
ature characteristics for each recording head and of io 
effecting high precise detection of the ink discharge 
state based on thus detected temperature character- 
istics. Another object of the present invention is to 
provide a method for detecting the temperature char- 
acteristics of the Inkjet recording head, and a method is 
forjudging the ink discharge state of the Inkjet record- 
ing head. 

TTie foregoing object can be attained, according 
to the present invention, by an ink jet recording appa- 
ratus for effecting recording by discharging ink from 20 
a discharge opening onto a recording medium, conrv 
prising an electrothermal converter provided in said 
recording head; temperature detection means for de- 
tecting the temperature of said recording head; and 
temperature characteristic detection means for apply- 25 
ing a predetermined energy to said electrothermal 
converter, detecting the temperature change of said 
recording head resulting from said energy application 
by means of said temperature detection means and 
detecting the temperature characteristics of said re- 30 
cording head based on the result of said detection. 

Also according to the present invention, there is 
provided an ink jet recording apparatus for effecting 
recording by nneans of a recording head capable of 
discharging ink from a discharge opening onto a re- 35 
cording medium, comprising input means for enabling 
the operEitor to instruct the execution of detectk)n of 
the ink discharge state of said recording head, and ink 
discharge state detection means for causing said re- 
cording head to discharge ink and detecting the state 40 
of ink discharge thereof, in response to the instruction 
of the operator through said input means. 

Also according to the present invention, there is 
provided an ink jet recording apparatus for effecting 
recording by means of a recording head capable of 45 
discharging ink from a discharge opening onto a re- 
cording n^ium, comprising ink discharge state de- 
tection means for detecting the ink discharge state of 
said recording head, and control means for controlling 
said ink discharge state detection means, in case de- so 
fective ink discharge from said recording head is de- 
tected by said means, thereby causing said means to 
again detect the ink discharge state. 

Also according to the present invention, there is 
provided an ink jet recording apparatus for effecting 55 
recording by means of a recording h ad capable of 
discharging ink from a discharg pening onto a re- 
cording m dium, comprising an lectrothermal con- 
verter provkied in saki recording head; t mperature 



detecti n means for detecting th temperature in th 
vicinity of saki recording h ad; and judging means for 
judging th ink discharg state of sakf recording 
head, through comparison of the t mperature charac- 
t ristics f said recording head det rmined by th 
temperature change in the vicinity of said recording 
head in response to a predetermined energy applied 
to said electrothermal converter and the temperature 
detected by said temperature detection means. 

Also according to the present inventk>n, there is 
provided an ink jet recording apparatus for effecting 
recording by means of a recording head capable of 
discharging ink from a discharge opening onto a re- 
cording medium, comprising ink discharge state de- 
tection means for detecting the ink discharge state of 
said recording head, and merrwry means for storing, 
in case said ink discharge state detection means de- 
tects defective ink discharge from said recording 
head, the recording data at least since the latest de- 
tection of the satisfactory ink discharge state. 

Also according to the present inventbn, there is 
provided a method for detecting the temperature 
characteristics of an ink jet recording head, compris- 
ing steps of applying a predetermined energy to an 
electrothermal converter provided in the recording 
head for effecting recording by discharging ink from 
a discharge opening onto a recording medium, detect- 
ing the temperature change in sakj recording head re- 
sulting from said energy application, and, based on 
said detection, detecting the temperature character- 
istics of said recording head. 

Also according to the present invention, there is 
provided a method for judging the discharge state of 
an ink jet recording head, which comprises judging 
the ink discharge state of saki recording head, based 
on the result of detection of the temperature charac- 
teristics according to the above-nnentioned method. 

According to the configuration of the present in- 
vention, in an ink jet recording apparatus for effecting 
recording by nr^eans of a recording head capable of 
discharging ink from a discharge opening onto a re- 
cording medium, a predetermined energy is applied 
to an electrothermal converter provkied in said re- 
cording head, then the temperature change of saki re- 
cording head resulting from said energy application is 
detected by said temperature detection means, and, 
based on the result of said detection, the temperature 
characteristic detection means detects the tempera- 
ture characteristics of said recording head. 

Also based on the result of detection of the tenv 
perature characteristics of the recording head ob- 
tained by sakj temperature characteristic detection 
means, the judging means judges the ink discharge 
state of sakf recording head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schennatic perspectiv vi w of an ink 
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j t cartridge of the pres nt invention; 

Fig. 2 is an xpl dad perspective view of an ink 

jet cartridge of the present inv nti n; 

Figs. 3A, 3B and 3C are sch niaticvi wsofare- 5 

cording part of th ink j t cartndge sh wn in Fig. 

2; 

Fig. 4 is a schennatic perspective view of an ink 
jet recording apparatus of the present invention; 
Fig. 5 is a t>lock diagram of an ink jet recording ap- io 
paratus constituting a 1st emt>odiment; 
Fig. 6 is a chart showing the temperature change 
in the vicinity of a heater board in case an elec- 
trical energy is applied to a discharge heater. 
Figs. 7A and 7B are charts showing the amount 15 
of temperature change in the vicinity of the heater 
board in the course of application of a predeter- 
mined energy to the discharge heater; 
Figs. 8A and 8B are charts showing an example 
of ink discharge and non-discharge conditions for 20 
the electrical energy in the present invention; 
Fig. 9 is a chart showing temperature changes in 
the vicinity of the heater board in case two eleo- 
trical energies of ink discharge conditk}n and ink 
non-discharge condition are applied to the dis- 25 
charge heater, 

Fig. 10 is a chart showing constants obtained in 
case two electrical energies of ink discharge con- 
dition and ink non-discharge conditk)n are ap- 
plied to the discharge heater; 30 
Fig. 11 is a flow chart showing a first method of 
detecting the ink discharge state described in the 
first embodiment; 

Fig. 12 is a flow chart showing a second method 

of detecting the ink discharge state described in 35 

the first embodiment; 

Fig. 13 is a flow chart showing a third nnethod of 
detecting the ink discharge state descrit>ed in the 
first embodiment; 

Fig. 1 4 e a flow chart showing a met hod for mov- 40 
ing the recording head to a positk>n opposed to a 
cap, described in the first embodiment 
Figs. 15A and 158 are views showing the struc- 
ture and the principle of ink discharge of a record- 
ing head employing a piezoelectric device; 45 
Fig. 16 is a chart showing the temperature 
change in the vk:inity of the heater board during 
and after the application of an electrical energy to 
the discharge heater; 

Fig. 17 is a chart showing the relationship be- so 
tween the ambient temperature and the dis- 
charged ink amount; 

Fig. 18 is a schemata view of a recording head 
provided with a plurality of temperature sensors; 
Fig. 1 9 is a flow chart showing an example of de- 55 
t ctk)n of the ink discharg stat in a recording 
head provid d with plural temperature s nsors; 
Fig. 20 is a block diagram of the control system 
of a recording apparatus constituting a sixth em- 



bodiment; 

Fig. 21 is a flow chart showing th setting of va- 
riable timing f d tecfa'on of th ink discharge 
state; 

Fig. 22 is a block diagram f the control system 
of a recording apparatus constituting a seventh 
embodiment; 

Fig. 23 Is a flow chart showing the repeated de- 
tection of the ink discharge state and steps before 
said repeated detection; and 
Fig. 24 is a flow chart showing the function of a 
recording apparatus capable of re-recording, 
constituting a seventh embodiment 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now the present invention will be clarified in de- 
tail by preferred embodiments thereof shown in the 
attached drawings. 

Fig. 1 is a perspective view of a head cartridge 3 
integrally composed of a recording head 1 and an ink 
tank 2, in which the present inventk>n is applicable, 
and Fig. 2 is an exploded perspective view of the head 
cartridge 3, wherein shown are a heater board 110 
provkJed with plural discharge heaters formed in an 
array on a Si substrate and electrical wirings for sup- 
plying electric power thereto; a grooved cover plate 
140 integrally provided with plural nozzles, an orifice 
plate 141 having discharge openings corresponding 
thereto, and a comnrK)n liquki chamber for containing 
ink for supply to said nozzles; a wiring board 120 
which is connected at an end to the heater board 110 
for example by wire tending and is provkied at ^he 
other end with pads 121 for receiving electrical sig- 
nals from the main body of the recording apparatus; 
and a metal base plate 1 30 on which saki wiring board 
1 20 and said heater board 110 are adhered for exanrv 
ple with an adhesive material. 

The heater t>oard 110 and the grooved cover 
plate 140 are f bced to the base plate 130, by pinching 
said heater board 110 and the grooved cover plate 
140 with a press spring 150 and engaging the leg por- 
tk>n thereof with a hole 131 in the base plate 130. An 
ink supply member 1 60 is provided wit h an ink supply 
pipe 161 and an ink pipe 162 connected thereto. The 
ink supply pipe 161 is connected to an ink supply hole 
101 of an ink tank 100, while the ink pipe 162 is con- 
nected to an ink receiving hole 142 of the grooved 
cover plate 140, whereby there is formed an ink path 
from the ink tank 100 to the discharge openings of the 
orifice plate 141. 

Fig. 3 A shows the details of saki heater board 
110. and Fig. 3B is a partially cutoff perspective view 
thereof. Th re is shown an array 111 f discharge 
heaters 111a, provided respectively corresponding to 
nozzles, communicating with th discharge op nings 
of the orifice plat 141. By applying a voltage to sakJ 
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array 111 of th discharg heaters, the ink in the noz- 
zles btains t hernial n rgy and is discharg d as 
dropi ts from th discharg penings of the orifice 
plate 141. to effect the recording operation. Heaters s 
112a. 112b fortemperature regulation can heatth vi- 
cinity of the heater tx>ard 110. Temperature sensors 
113a. 113b. which can be formed by the semiconduc- 
tor film forming technology in a simOar nnanner as the 
heater array 111 and the heaters 112a. 112b and si- io 
multaneously therewith, can detect the temperature 
in the vicinity of the heater array 111. 

Hatched areas indicate the connecting portions 
with the grooved cover plate 140. Each of the dis- 
charge heaters constituting the array 111 is an eleo- is 
trothermal converter of a resistance of 120 £1. capa- 
ble of providing an energy of about 3 W with a driving 
voltage of 19 V. Also each of the heaters 112a. 112b, 
is composed of an electrothermal converter of a re- 
sistance of 144 capable of providing an energy of 20 
4 W with a driving voltage of 24 V. Each of the tenrv 
perature sensors 113a, 113b is composed of a diode 
sensor, varying the output by about 2.5 mV per one 
degree of temperature. 

In the following there will be given an explanation 25 
on the principle of ink discharge of the recording 
head, adapted for use in the Inkjet recording appara- 
tus of the present embodiment as the recording 
means of the present invention. 

The recording head, adapted for use in the Inkjet 30 
recording apparatus, is generally provided with a fine 
liquid discharging opening (orifice), a liqukJ path, an 
energy actton part provided in a part of said liquid 
path, and energy generating means for generating a 
droplet forming energy to be applied to the liquid pres- 35 
ent in said energy action part, and Is rendered re- 
placeable. Such energy generating means can, for 
example, be a mechanism utilizing an electromechan- 
ical converter such as a piezoelectric element, a 
mechanism in whk^h an Irradiating electromagnetic 40 
wave such as a laser beam is absorbed In liquid to 
generate heat therein and a droplet is discharged and 
is caused to fly by the action of heat generation, or a 
mechanism in which liquki is heated by an electro- 
thermal converter to cause a droplet to fly. 45 

Among these mechanisms, the recording head of 
the ink jet recording utilizing the thermal energy for 
liquid discharge is capable of recording with a high re- 
solving power, since the liquid discharging openings 
(orifices) for discharging recording liquid to form fly- so 
ing droplets can be arranged with a high density. Be- 
skles. the recording head utilizing the electrothermal 
converters as the energy generating means can be 
formed in a compact structure, and can also be easQy 
formed as a long and flat or two-dimensk>nal conf ig- 55 
uration, fully xploiting th advantages of the semi- 
conductor tech n logy and th microworking t chnol- 
gy, showing remarkable progress and improvement 
in reliability in recent years. It has ther f re been ren- 



dered possible to provid an ink jet recording head, 
which can b easiTy f rm d in a conf igurati n with 
multiple nozzles and with a high density, and which 
has satisfactory mass produdbility and a low manu- 
facturing cost 

Such Inkjet recording head employing an electro- 
thermal converter for the energy generating means 
and produced with a semk:onductor manufacturing 
process is generally provkled with liquid paths re- 
spectively corresponding to ink discharge openings, 
in which an electrothermal converter is provided in 
each liquid path for applying thermal energy to the liq- 
uid present in each liquid path thereby discharging 
liquid from the corresponding ink discharge opening 
and forming a flying droplet, and in which the liquki 
is supplied to the Ik^uid paths from a common liquki 
chamber. With regard to the method for forming the 
ink discharge part, the present applicant has pro- 
posed, in the Japanese Patent Laid-Open Application 
No. 62-253457, a method of laminating, on a first sub- 
strate, a solid layer for at least forming the liquid 
paths, a layer of a material curable with actinic energy 
at least utilized for forming the walls of the liquki 
paths, and a second substrate, then laminating a 
mask on said second sut)strate, effecting irradiation 
with actinic energy ray from above said mask thereby 
curing at least the walls of the liqukJ paths in said cur- 
able material layer, and eliminating said solid layer 
and the uncured portk>ns of said curable material lay- 
er from the space between the two substrates, there- 
by forming at least the liquid paths. 

Fig. 3C is a schematic view of the Inkjet recording 
head explained above. The recording head 1801 ts 
composed of electrothermal converters 1803. elec- 
trodes 1804, liquid path walls 1805 and a cover plate 
1806. formed through a semiconductor manufactur- 
ing process including the steps of etching, evapora- 
tion, sputtering etc. 

In such recording head 1801. recording liquid 
1812 is supplied from an unrepresented Ik^uid reser- 
voir to a common liquid chamber 1 808 through a liqukJ 
supply pipe 1807. 

There is also provkled a liquid supply pipe con- 
nector 1809. The recording liquid 1812 supplied into 
the common Iquid chamber 1808 is supplied into the 
liquid paths 1 81 0 by the capillary action, and is stably 
maintained at the ink discharge openings 1811 at the 
ends of the liquid paths, by meniscus formation. A 
current supply to the electrothermal converter 1803 
heats the liquid present thereon, thereby generating 
a bubble by fQm boiling phenomenon, and a liquki 
droplet is discharged from the ink discharge opening 
1811 by the growth of said bubble. The above- 
explained conf iguratbn allows to obtain an ink jet re- 
cording head of multiple liquid paths, such as 128 or 
250 liquid paths, with a high liquid path density such 
as 16 pathAnm. 

Fig. 4 illustrates an exampi of th print r unit of 
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th ink jet recording apparatus of the present embod'h 
m nL Th re are sh wn a head cartridge 201 including 
an ink jet recording h ad; a carriage 202 supporting 
the head cartridge 201 and effecting a scanning mo- 5 
ti n in a directions; a hook 203 fornnountingth head 
cartridge 201 onto the carriage 202; a lever 204 for 
operating the hook 203; a support plate 205 for sup- 
porting an electrical connecting part for the head car- 
tridge; a flexible printed drcuit (FPC) 206 for connect- io 
ing said electrical connecting part and a control unit 
of the main txxJy; and a guide shaft 207 inserted in a 
bearing 208 of the carriage 202, for guiding the same 
in a direction S. 

A timing belt 209, connected to the carriage 202 is 
for PDoving the same in the direction S, is supported 
by pulleys 21 OA, 21 OB positk)ned on both ends of the 
apparatus. A pulley 21 OB receives the driving force 
from a carriage motor 211, through a transmission 
mechanism such as gears. A transport roller 212 20 
serves to define the recording face of the recording 
medium such as paper, and to transport said record- 
ing medium at the recording operation, and is driven 
by a transport motor 213. There are also provided a 
paper pan 214 for guiding the recording medium to 25 
the recording position, and pinch rollers 215 provided 
in the feeding path of the recording medium for press- 
ing the same to the transport roller 212 and for trans- 
porting the same. 

There are further provkled a platen 21 6 opposed 30 
to the discharge openings of the head cartridge 201 
and serving to define the recording face of the record- 
ing medium; discharge rollere 217 positioned at the 
downstream side of the recording position in the ad- 
vancing direction of the recording medium and serv- 35 
ing to discharge the recording medium toward an un- 
represented discharge exit; spurs 218 positk)ned cor- 
responding to the discharge rollers 217 and serving 
to press the discharge rollers 217 across the record- 
ing medium, thereby generating the transporting 40 
force of the discharge rollers 217 on the recording 
medium; and a releasing lever 219 for releasing the 
biasing action of the pinch roller 215 and the spurs 
218 for example at the setting of the recording me- 
dium. 45 

The platen 216 is supported at both ends, rotat- 
ably about the shaft of the discharge rollers 217, and 
is biased from the stop position of the lateral plates 
220 toward a front portion 221 of the paper pan 214. 
The transport rolter212 is in contact, in plural portbns 50 
212A of a reduced dianmter, with the inside of the 
front portion 221 of said paper pan. 

A cap 222, composed of an elastte material such 
as rubber and so positioned as to oppose to the face 
containing the ink discharge openings of the record- 55 
ing head at th h m position, is so supp rtsastobe 
contacted to or s parated from said recording head. 
Said cap 222 is us df r protecting th recording h ad 
in then n-recording state, or f rthedischarg rec v- 



ery operation for the recording head. 

Such discharge recovery operati n ts conducted 
f r xample by positioning th cap 222 pposite to 
said face containing the ink discharge penings and 
activating th n rgy generating I ments, provided 
in the nozzles of the recording head for ink discharge, 
thereby discharging ink from all the discharge open- 
ings and thus eliminating bubbles and dusts which 
are the cause of defective discharge or viscosif led ink 
unsuitable for recording (operation called preliminary 
discharge), or by covering said face containing the 
discharge openings with the cap 222 and forcedly 
sucking the ink from all the discharge openings with 
a suction pump, thereby eliminating the cause of de- 
fective discharge. 

A pump 223 provides the suction force for forced 
decharge of ink and is used for sucking the ink re- 
ceived by the cap 222, at the dtecharge recovery op- 
eration by such forced discharge or by the preliminary 
decharged. A used ink tank 224. for receiving the 
used ink sucked by the pump 223, is connected with 
said pump 223 through a tube 228. 

A blade 225, for wiping the face containing the 
discharge openings of the recording head, is support- 
ed movably between a position protruding toward the 
recording head for effecting the wiping operation in 
the course of carriage moven^ntand a retracted pos- 
ition not engaging with said face. There are further 
provided a motor 226. and a cam device 227 for driv- 
ing the pump 223 and moving the cap 222 and the 
blade 225 by the driving force transmitted from saki 
nfK>tor 226. 

Fig. 5 is a block diagram showing an example of 
the control system of the recording apparatus ex- 
plained above. 

The capping position and the moved position of 
the carriage 202 shown in Fig. 4 can be known by a 
recovery system home position sensor 235 and a car- 
riage home position sensor 236. In Fig. 5, there are 
shown an MRU 1000 for controlling various units by 
executing a control sequence according to a prede- 
termined program; a ROM 1001 storing the program 
corresponding to said control sequence; and a RAM 
used as a work area in the execution of said control 
sequence. 

In the following there will be given a detailed ex- 
planation on the measurement of the temperature 
characteristics of the above-explained recording 
head, and the method of detecting the discharge 
state of ink, utilizing said measurement 

[Embodin^nt 1] 

At first there will be explained a first emtKxJiment 
fthepres ntinv nti n. 

Fig. 6 is a chart showing the temperature chang 
in the vicinity of the heat r board 110 when an elec- 
trical n rgy is giv n to the discharg heat rs 111. 
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Acurv Ash ws a state f normal ink discharge, 
whileacurv Bsh wsastat fabs nceofinkdis- 
charg du toinsuffici nt ink filling in th liquid paths 
ofnozzles in the recording head or in thee nvnonliq- s 
ii'td chamber communicating th ret . It will be under- 
stood that the temperature change is larger in the at>- 
sence of ink discharge (curve B) than in the presence 
of ink discharge (curve A). In general, the tempera- 
ture of the heater board 11 0 is determined by the heat io 
supply from the discharge heaters 111 constituting 
the heat source, and by the heat dissipation to the 
base plate 130 and the grooved cover plate 140. In 
the presence of ink discharge, the heat dissipation 
becomes larger because the ink is discharged to the is 
outside with heat, and the difference in temperature 
characteristics results for this reason. 

It is consequently possible to detect whether the 
ink discharge is possible, by detecting the tempera- 
ture characteristics in the vicinity of the heater board 20 
110 when a predetermined electrical energy inducing 
the ink discharge applied to the discharge heaters 
111. 

More specifically, at first the temperature change 
dJA is measured in the vicinity of the heater board 25 
110 when the predetermined elec^'cal energy induc- 
ing the ink discharge is applied to the discharge hea- 
ters 11 1 in a normal state in whteh the nozzles and the 
common liquid chamber communicating thereto are 
sufficiently filled with ink. Then the temperature 30 
change dTB after a predetermined time is measured 
in a state in whteh ink is absent in the nozzles and in 
the common liquid chamber. When these measure- 
ments are conducted on a plurality of heat cartridges 
and are statistically processed, there are obtained 35 
plotb'ngs as shown in Fig. 7A. In this manner there are 
determined, in advance, the maximum value TA of 
dTA and the minimum value TB of dTB. 

Fig. 11 is a flow chart showing the sequence of 
detecting the ink discharge state, to be executed by 40 
the MPU 1000, and a corresponding program is stor- 
ed in the ROM 1001. In the following there will be ex- 
plained a first method for detecting whether the ink 
discharge is possible. At first the above-mentbned 
predetermined electrical energy is applied to the dis- 45 
charge heaters 111 (step SI). Then the temperature 
change dT in the vicinity of the heater board 110 is 
measured by the recording head temperature sensor 
113 (step S2), and is compared with the values TA TB 
(steps S3, S4). Based on saki comparison, the ink dis- so 
charge state is identified as normal if dT ^ TB (step 
S6), or as abnormal if dT ^ TB (step S5). Since TA and 
TB are determined from the measurements of a plur- 
ality of recording heads, there is not encountered a 
situation TA < dT < TB. 55 

The above-menti ned pred termined electrical 
n rgy including ink discharg is, for xampi as 
sh wn in Fig. 8A, composed of 1000 pulses of a pulse 
duratk)n of 7 ^sec and a frequency of 4 kHz, applied 



toalIof64nozzl s, and said nergy is defined as El. 
In this case TA TB are respectively about 14.5** anrf 
15.5^ 

In the f {lowing there will be xplatned a second 
m th d which is applicabi ev n in case the temper- 
ature characteristics show a large fluctuation among 
different head cartridges. 

The atx)ve-explained method is not usable in 
case the fluctuation among different head cartridges 
is large so that the maximum value of dTA is larger 
than the minimum value of dTB, namely in case of TA 
> TB as shown in Fig. 7B. Such fluctuation In the tem- 
perature characteristics may result from the fluctu- 
ation in the thickness of the adhesive material be- 
tween the heater board 110 and the base plate 130, 
or in the resistance of the discharge heaters 111, or 
in the dimension or the physical properties of the hea- 
ter board and the base plate. Also in case the ink dis- 
charge is conducted, such fluctuation may also arise 
from the change in the amount of heat dissipation by 
the in, due to variations in the size of ink droplets and 
in the physical properties of ink. 

As the relatk>nship dTB > dTA stands for all the 
head cartridges as explained in relation to Fig. 6, a 
value (dTB - cfTA) is calculated for each head car- 
tridge and the minimum TD of said values is statisti- 
cally determined, based on the data partially shown 
in Fig. 7B. Thus, a relationship dTB - dTA^ TD stands 
for any head cartrklge. Also it is assumed in general 
that the nozzles are in the normal ink filling state at 
the start of the recording operation, because of the 
automatic discharge recovery process. 

Fig. 12 is a flow chart showing said second meth- 
od. At first, at the start of the recording operatk>n^ at 
which the nozzles are in the normal ink filling state, 
the above-mentioned predetermined electrical ener- 
gy is applied to the discharge heaters 111 (step S7), 
and the temperature change in the vicinity of the hea- 
ter board 11 0 is measured in order to determined dTA 
(step S8). For detecting whether the ink discharge is 
possible, the above-mentioned predetermined elec- 
trical energy is applied to the discharge heaters 111 
(step S9), then the temperature change cfT in the vi- 
cinity of the heater board is measured (step S10), and 
the ink discharge state is kientif ied as normal if dT ^ 
dTA (step S14), or as abnormal if dTs dTA+ TD (step 
S13). 

When saki predetermined electrical energy is se- 
lected as Q mentioned before, the TD becomes about 

However, since this method unconditionally as- 
sumes that the temperature change in the vteinity of 
the heater board 110 is equal to dTA when said pre- 
determined electrical energy is applied to the dis- 
charg heaters 111 at th start of th recording p r- 
ation, th r will be ncountered an erron ous d tec- 
tion if th ink f Oling stat f the nozzles becomes ab- 
normal for som reason at th start of th recording 
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Operation. 

In th f II wing ther will be xplained a third 
method for av iding this drawback, by utilizing refer- 
ence temperature characteristics n trelat dtoth ink 5 
filling stat of th nozzles, m asured for ach head 
cartridge. 

As already explained in relatton to Fig. 6, the dif- 
ference in the temperature characteristics resulting 
from the ink filling state of the nozzles is caused by io 
the heat dissipation at the ink discharge. Therefore, 
for obtaining the reference temperature characteris- 
tics nr>entioned above, there can be conceived to pro- 
vide the discharge heaters with a low electrical ener- 
gy that wOl not induce ink discharge even at the nor- is 
mal ink f fliing state of the nozzles. 

Said predetermined electrical energy not induc- 
ing the ink discharge even in the nornrial ink filling 
state of the nozzles can be, for example as shown in 
Fig. 8B, 3000 pulses of a pulse duratton of 2 ^sec and 20 
a frequency of 6 kHz applied to all of 64 nozzles, and 
said electrical energy is defined as E2. When said 
electrical energy E2 is applied to the discharge hea- 
ters 111 , the temperature change in the vicinity of the 
heater board 110 remains substantially same regard- 25 
less of the ink filling state of the nozzles, because the 
heat is not dissipated by the ink discharge. 

Now, let us consider the relationship between the 
reference temperature characteristics, obtained by 
the applicatk>n of the electrical energy E2 which does 30 
not induce the ink discharge even in the normal ink 
filling state of the nozzles and is exemplified in Fig. 
8B, and the temperature characteristics, obtained by 
the application of the electrical energy E1 as shown 
in Fig. 8A and inducing the ink discharge. 35 

Fig. 9 is a chart showing the temperature 
changes in the vk:inity of the heater board 110, when 
the above-mentioned two electrical energies are ap- 
plied to the discharge heaters 111. 

A curve A shows a case with appropriate ink filling 40 
in the nozzles and in the common liqukl chamt>er 
communicating therewith and with normal ink dis- 
charge under the application of the electrical energy 
El , while a curve B indk^ates a case of absence of ink 
in the nozzles and in said common liquki chamber ur>- 45 
der the application of said electrical energy E1. A 
curve C indicates the case of application of the elec- 
trical energy E2, and the curve renrtains substantially 
same regardless of the ink filling state, as explained 
before. The respective temperature changes are rep- so 
resented by dTA, tfTB and dTC. 

When these measurements are conducted on 
plural head cartridges, the values of dTA, dTB, dTC 
are different among different head cartridges, but fol- 
lowing relatk}ns stand for each head cartridge: 55 
dTA = K1 X dTC (Kl being constant f r each car- 
tridg ) 

dTB = K2 X dTC (K2 being constant for ach car- 
tridge) 



KKK2 

Thus, if th constants Kt,K2 are known, the tem- 
p rature changes dTA, dTB relating to th pres nee 
or absence of ink can be calculated from the temper- 
ature change dTC bas d n th ref renc tempera- 
ture characteristk^. 

Then, let us give further consideration on the 
constants K1, K2. 

Fig. 10 shows the constants Kl, K2 in the plural 
head cartridges Nos. 7 to 12, showing large fluctu- 
ations in the temperature characteristics, in the 
measurement shown in Fig. 7B. As will be seen from 
Fig. 10, there stands a relationship: 
Kimax < K2min 
between the maximum value Kimax of Kl and the 
minimum value K2min of K2. Said relattonship stands 
even in the head cartridges with significant fluctu- 
ation in the temperature characteristics, t>e cause the 
ratios of the temperature changes dTA, dTB, dTC, 
based on the temperature characteristk:s of each car- 
tridge, are considered Instead of sakj temperature 
changes themselves. 

Therefore, there are obtained relationship: 
dTA^KxdTC 
tfTB^KxdTC 
for all the head cartridges by selecting a new constant 
K so as to satisfy a relation: 

Kimax < K < K2min (1) 

Fig. 13/s a fk>w chart showing a detecting se- 
querW-fcSi^ the ink discharge state, based on the 
above-mentioned retatbns. At first a predetermine d 
electrical energy E2 not inducing the ink discharge is 
a pplied to the discharge heaters (step S15), and then 
t hetemperatura change dTC of the recording head is 
measured (step S16}. Sub sequently a predetermine d 
energy E1 inducing t'He'ink discharge is applied to th a 
dfechatggJl^lers (step S17) , then the tenrfp ergttjre 
chang e dT of the recording head is measured (s tep 
Sl U) and is compared with K x dTC (ste pSig). 
wh ereupon the ink di firjiarpft state Mftntifi^ f*^ 
normal if d T ^ K x dTC (step 820) or as abnorma l if 
dT ^ K X dTC (step 821 

When the aforementk)ned electrical energies El, 
E2 are adopted, the values of Kl max. K2min were ex- 
perimentally determined as about 1.45 and 1.75. 
Consequently, in this case, the value K can be select- 
ed for example as 1.6, in order to satisfy the afore- 
mentioned relation (1). 

In the ink discharge state detecting methods ex- 
plained above, the temperature detection by the tenr>- 
peratura sensor is conducted during the application of 
the elecbical energy to the discharge heaters. Since 
the temperature drops rapidly after the application of 
the predetermined nergy. th re nrtay result an error 
in th detect' n if the d tection is repeated plural 
times after said nergy applicatton. For this reason, 
the t mperature detection is preferably conducted 
during th n igy applicatton. 
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However, if th energy application is ex cuted in 
th pulse form as shown in Figs. 8A and 8B,stabl de- 
t cti n Is difficult because of an abrupt t mperature 
Chang or a n ise generation when the pulse signal 5 
is turn d on. In th pres nt embodim nt, therefore, 
the temperature detection in the course of energy ap- 
plication is conducted in synchronization with said 
pulses, when the pulse is turned off. Also If the tenv 
perature detection has to be conducted after the en- io 
ergy application. It Is executed within a limited or short 
time after the energy application. 

In the following there wOl be explained the re- 
cording process, with reference to Fig. 4, in a record- 
ing apparatus capable of detection of the temperature is 
characteristics of the recording head and detection of 
the ink discharge state utilizing said temperature 
characteristics. 

At first, when the power supply to the recording 
apparatus-Is turned on, t he recovery motor 226 is ao- 20 
tivated to set the recovery unit at the home position 
of the recovery system and to retract the cap 222. 
Then the carriage 202 Is set at the home position op- 
posed to the cap 222. Then the cap 222 is again con- 
tacted with the nozzles of the recording head, and the 25 
entry of the recording data signal is awaited. In re- 
sponse to said entry, the transport motor 213 Is acti- 
vated to Initiate the feeding of the recording medium, 
such as paper, up to a firont end position of the desired 
recording. Then the cap 222 Is retracted and separat- 30 
ed from the nozzles of the recording head, and the 
carriage 202 Is set at the home position opposed to 
the cap 222. Subsequently the predetermined prelirrv- 
inary discharge Is executed, and the carriage 202 Is 
moved to a desired recording start position. Said pre- 35 
liminary discharge In this embodiment is executed pri- 
or to the recording operation, and also In the course 
of the recording operation, by the nrK>vement of the 
carriage 202 to said home position again, after the 
lapse of a predetermined period of T seconds from 40 
the preceding preliminary discharge. 

Thereafter desired recording operation is execut- 
ed by the discharge of ink droplets according to ink 
discharge signals corresponding to the recording 
data. After the recording of a page of the recording 45 
medium, the recording medium is discharged, and 
there are conducted the detection of the temperature 
characteristics of the recording head and of the ink 
discharge state. In the present emt)odiment, the de- 
tection of the Ink discharge state is conducted after so 
the recording of a page. Thus said detection Is exe- 
cuted after the recording of a page if the recording 
data are less than a page, or after the recording of 
each page if the recording data cover plural pages. 

Since the detection of the ink discharge state in- 55 
volves ink discharging op ration, it is executed, as in 
th preliminary discharge explained bef re, at th 
home positi n where the carriag is pposed to th 
cap 222. Fig. 14isaflowchartshowingsaidd tection 



process. Wh n the d tecti n sequence Is initiated, 
there is discriminated, by uhr presented positk>n de- 
tecting means, whether th head cartridg 201 is lo- 
cated at th positi n opposed to the cap (step S22), 
and, if not, the carriag is mov d to the positi n op- 
posed to the cap 222 (steps S23, S24). If the step S22 
Identifies that the head cartridge 201 is positioned 
opposite to the cap, a step S24 discriminates whether 
the cap 222 is In contact with the face including the 
Ink discharge openings, and, if in contact, the cap 
opened (step 325). Said detection Is executed while 
the cap 222 is not contacting sakj face including the 
ink discharge openings, in order to prevent that the 
ink discharged and received In the cap 222 comes 
into contact with said face. 

In the detection of the Ink discharge stats, the ink 
discharge inducing energy, composed of 1000 pulses 
of a pulse duration of 7 ^isec and a frequency of 4 kHz 
applied to all of 64 nozzles, causes the discharge of 
Ink of about 5 mg. In order to avoki contamination of 
the Interior of the recording apparatus by the dis- 
charged ink, it Is discharged toward the cap. Also in 
the present embodiment, in order to ensure the re- 
ception of ink Into the cap, and also for discarding the 
Ink in the cap or In the pump 223 connected to the cap 
222 In advance, the pump 223 is activated to effect 
suction whDe the cap 222 Is separated from the face 
containing the discharge openings of the recording 
head. This operation Is executed before and after sakJ 
detection of the ink discharge state, whereby said de- 
tection can be conducted without contamination of 
the apparatus with ink. 

If an abnormal discharge state Is detected In sakj 
detection of the Ink discharge state, an abnormality 
signal Is generated to display a warning nnessage, to 
turn on a light-emitting dk}de, orto Inform an alarm by 
information means 1004 such as an alarm buzzer. 
When the abnormal state is eliminated by the user, 
there is executed a predetermined re-starting proce- 
dure. 

As explained in the foregoing, the detection of 
the ink discharge state based on the temperature 
characteristics of the recording head allows exact de- 
tection without particular components therefor. Also 
the present embodiment enables detection with an in- 
expensive conf tguratksn, since the energy application 
for said detectk>n of the Ink discharge state Is made 
to the ink discharge means, and since the tempera- 
ture detection is achieved by a temperature sensor 
which Is manufacturable simultaneously with the ink 
discharge means. 

Also the above-explained second and third 
methods for detecting the ink discharge state are ap- 
plicabl ev nwhenth temp ratur charact risticsof 
the recording h adinv h^efluctuati n.Consequ ntiy 
there can b provkjed advantages of all viating the 
control of precisi n in th dim nsion and material of 
the heater board or base plat and in the thickness 
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fth afbrem ntioned adhesiv mat rial, thus reduc- 
ing the manufacturing cost, and advantages that such 
m th ds are applicable regardi ss of the kind, phys- 
ical prop rties and dropi t siz f the ink. 

Also as th detectk>n f the ink discharg state is 
executed when the recording head is opposed to an 
ink receiving memt>er such as a cap. and as the ink 
is eliminated from said ink receiving member for ex- 
ample by the ink suction before and after said detec- 
tion, the discharged ink can be securely captured and 
the contamination within the recording apparatus can 
be minimized. 

The above-explained embodiment employs a di- 
ode sensor for detecting the temperature, but other 
sensors are likewise usable as long as the tempera- 
ture of the recording head can be detected. For exam- 
ple the temperature can be detected by measuring 
the resistance of the electrothermal converters such 
as discharge heaters or other heaters. Also the tenr>- 
perature sensor is provided on the heater board, but 
such configuration is not limitative. 

Furthermore, the recording apparatus may be 
provided with an Ink receiving nnember composed for 
example of sponge, capable of absort)ing and retain- 
ing the ink, separately from the cap 222, and the ink 
discharge for detecting the ink discharge state may be 
conducted on such ink receiving member. Also infor- 
matk>n by the informing means is given when an at)- 
normal result is obtained by the detection, but the in- 
formation may be provided in case said detection in- 
dk^ates a normal state, and the result of said detec^on 
may be provided by the recording apparatus or by the 
host apparatus. 

[Embodiment 2] 

According to the invention described in the first 
embodiment, an electrical energy is applied to the Ink 
discharge heater to effect the heating thereof, in or- 
der to know the temperature characteristics of the re- 
cording head. However the heating means, to be 
used for heating the recording head for obtaining said 
temperature characteristics, is not limited to the dis- 
charge heaters, and there will be explained another 
method in the present emboidment The recording 
head (head cartridge) of the first embodiment is pro- 
vkjed, as already explained in relation to Figs. 3A to 
3C, with heaters 112a, 112b for temperature regula- 
tion of the recording head, in additton to the discharge 
heaters. Consequently the tempeiBture characteris- 
tics of the recording head can be detected, also by ap- 
plying a predetermined electrical energy to such hea- 
ters. 

However, the ink discharge state cannot be de- 
tected from the temperature characteristics obtained 
by th heating of sakl h aters, since ink discharg is 
not induced by said heating. 

F r this reason, th following m thodisad pted 



for detecting the ink discharge state, in case the 
abov -m nti n dheat rs not constituting th ink dis- 
charg nneans are used as th heating means f rob- 
5 tainingth temperatur charact risticsofth record- 
ing head. 

As explained in the first embodinrYent, the differ- 
ence in the temperature characteristics arises from 
whether the ink discharge is executed or not. It is 

10 therefore conceived to drive the discharge heaters 
also, for discharging the Ink, in the course of activa- 
tion of the above-mentioned heaters. Thus there can 
be obtained a temperature change of the heater 
board, simDar to that shown In Fig. 6, according to the 

IS ink filling state in the nozzles and in the comnDon liq- 
uki chamber connecting thereto. Consequentiy the 
method of the first embodiment can be likewise ap- 
plied, by integrally considering the heating with the 
temperature-regulating heaters and that with the dis- 

20 charge heaters. The temperature characteristics not 
related to the inkf fliing state of the nozzles can be ob- 
tained by activating the temperature-regulating hea- 
ters only. 

In the present embodiment, the detection of the 

25 temperature characteristics is achieved by heaters 
different from the discharge heaters. Consequentiy 
the discharge heaters are used only for the ink dis- 
charge, and the ink discharge nr>eans is not limited to 
heaters. Thus the present embodiment is applicable 

30 to the ink jet recording apparatus equipped with a 
heater different from the heaters for ink discharge. Ink 
discharge nrmans not relying on the heater include 
those employing an electromechank^al converter 
such as a piezoelectric element, and Figs. 15A and 

35 1 5B illustrate the cross-sectional view of such nozzle, 
wherein illustrated a piezoelectric element 301 , a hea- 
ter 302, and a discharge opening 303. Fig. 15B illus- 
trates the principle of ink discharge. Ink is supplied 
from the left A pulse supply to the piezoelectric ele- 

40 ment 301 generates a mechanical distortion therein, 
thus inducing ink discharge from the discharge open- 
ing 303. 

[Embodiment 3] 

45 

In the embodiments 1 and 2, the temperature 
characteristics are determined by detecting the rise in 
temperature of the recording head when an electrical 
energy is applied to the ink discharging heaters or the 

50 temperature-regulating heaters. However, the meth- 
od of temperature nrteasurement is not limited to such 
methods, and another method w3l t>e explained in the 
present embodiment The heater board exhibits the 
temperature change as already explained in Fig. 6, 

55 wh n the electrical n rgy is applied to th h aters. 
After said n rgy applicati n, the temp ratune of th 
heater board descends by heat dissipation, as shown 
in Fig. 16. Said t mperatured scent Is det rminedby 
the temp rature of the heater board at th endofap- 
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plicati n of th electrical energy, and th diff rence 
from th ambient t mperature. Consequ ntty th 
t mperature chang s dTa, dTb within a pred ter- 
mined p riod dt after the end of application of th s 
electrical n rgy are correlated with th t mperature 
changes (increases) dlA, dTB caused by said energy 
application. Therefore, the method of the first em- 
bodiment can be still applied by measuring dTa. dTb 
and replacing the aforementioned values of dTA, dTB io 
with thus measured values. In the method of this em- 
bodiment, the detection of temperature characteris- 
tics of the recording head is not affected by the noises 
resulting from the activation of the heaters, because 
said detection is executed after the end of application is 
of the electrical energy to said heaters. Thus there Is 
obtained an advantage that the timing of temperature 
detection with the temperature sensor can be arbitrar- 
ily selected. 

20 

[Embodiment 4] 

The ink jet recording nnethod is influenced by a 
change In the physical properties of the ink, since the 
principle of ink discharge utilizes such physical prop- 25 
erties. As a representative example, the anraunt of ink 
dtecharge varies depending on the ambient tempera- 
ture. In general, the amount of ink discharge in the ink 
jet recording decreases, as shown in Fig. 17, when 
the ambient temperature becomes lower, t)ecause 30 
the ink viscosity increases at a lower temperature. 

If the ink discharge amount varies excessively by 
the ambient temperature, a correction for the ambient 
temperature may become necessary in the foregoing 
emt>odiments, and the present embodiment effects 35 
such correction for the temperature. 

As already explained in the first embodiment, the 
difference in the temperature characteristics arises 
from the heat dissipation by the ink discharge. Thus 
the above-mentioned temperature change dTA t>e- 40 
connes larger or smaller respectively when the ink dis- 
charge amount decreases or increases from the nor- 
mal amount. Stated differently, the variation in dTA by 
the ambient temperature becomes no longer negligi- 
ble, if the ink discharge amount varies significantly 45 
depending on the ambient temperature. 

Thus, there will be explained a method of pre- 
venting the excessive variation of dTA from the refer- 
ence value at a reference temperature, despite of the 
variation of the ambient temperature. Such tempera- so 
ture compensation can be achieved by increasing or 
decreasing the energy applied to the heaters, respec- 
tively when the ambient temperature is lower or high- 
er than the reference temperature. More specifically, 
there is determined an applied energy for providing ss 
th ptimum dTA for ach ambi nt temperature, by 
coll cting data of dTAfor different applied n rgiesfor 
each ambi ntt mperatur .andth n rgy applied to 
the heat rs is controlled according t said data. 



Th applied n rgymaybevari d by a change in 
the pulse duration, the number of applied pulses or 
the applied voltag . 

It is also possible, instead of varying the energy 
applied to the heaters, to vary th crit ria of judgnrtent 
utilizing the detected temperature charactertetics 
(temperature change) according to the ambient tem- 
perature. 

For example, in the 3rd method of the first enrv- 
bodiment, the value of the constant K1 varies de- 
pending on the ambient temperature. It is therefore 
conceivable to calculate the constant K1 for each anrv 
bient temperature and to determine the optimum con- 
stant K for each ambient temperature. 

[Embodiment 5] 

In the following there wDI be explained an appli- 
cation in which the recording head is provided with 
plural temperature sensors. 

Fig. 1 8 shows a configuration of the heater board 

110, in which, in the array of the discharge heaters 

111, a temperature sensor 113 is provided for exam- 
ple for every eight discharge heaters. TTius, if the hea- 
ter board 110 has 64 discharge heaters, there will be 
8 temperature sensors 1 1 3 on the same heater board. 
The outputs dTI - dT8 of said eight temperature sen- 
sors are transmitted to the printer control unit shown 
in Fig. 5 and supplied to the MPU 1000. Based on 
each result of temperature detection, there can be 
discriminated whether the ink discharge state is nor- 
mal or abnormal, according to the detecting proce- 
dure explained in the first embodiment 

Each temperature sensor represents best the 
temperature state in the vicinity of said sensor, so that 
an abnormal ink discharge state, identified by the 
temperature detection by a sensor, can be considered 
to indicate abnormal ink discharge of the ink dis- 
charge means in the vicinity of said sensor. In the 
present embodiment with plural temperature sensors, 
the abnornDal state is informed by the informing 
means 1004 if an abnormal state is found in any of the 
detected temperature changes dT1 - dT8, as shown 
in a flow chart in Fig. 19. 

The control sequence of the present embodinnent 
will be explained with reference to Fig. 19. At first a 
step 826 measures the temperature change dTI by 
first temperature sensor 1. Based on said measure- 
ment, a step 827 effects the temperature comparison 
as explained in the first embodiment, and. if a step 

837 identifies an abnormal discharge state, a step 

838 generates an alarm. On the other hand, if the dis- 
charge state is normal according to the detection by 
the sensor 1, a step S28 measures the temperature 
Chang dT2 in a similar manner by a sens r2.Th re- 
after the temperature d tections are conducted to a 
sensor 8 in successk>n in a similar manner (steps S28 
t 834), and the abnormality is informed by said in- 
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forming means if th abnormal discharg stat is de- 
tected in any of said sensors. On th other hand, if all 
the results of said s nsors are normal, the ink dis- 
charge state is id ntrf ied as normal. 

A m re accurate detecti n f th ink discharge 
state is made possible by the use of such plural tenv 
perature sensors. In the present embodiment, there 
is provided a temperature sensor for every eight dis- 
charge heaters, but such configuration is not limita- 
tive, and it is also possible to provide each discharge 
heater with an individual temperature sensor and to 
detect the ink discharge state for each discharge hea- 
ter by detecting the temperature characteristics 
thereof. Also the abnormality is informed in case any 
of the detected results Is abnormal, but such process 
can be arbitrarily selected according to the character- 
istics of the recording head or the structure of the re- 
cording apparatus. Also this embodiment is applica- 
ble to the Inkjet recording head employing the afore- 
mentioned electromechanteal converters, if it Is pro- 
vided with an electrothermal converter for tempera- 
ture regulation, separate from the ink discharge 
means. 

[Embodiment 6] 

The detectk)n of the Ink discharge state accord- 
ing to the present inventk>n is conducted, as ex- 
plained in the first embodiment, after the completion 
of recording operatton of every page, but timing of 
such detection may be rendered variable, as will be 
explained in the following. 

Fig. 20 is a block diagram of a recording appara- 
tus in which the timing of said detection can be set in 
variable manner. Input means 1005 is provkled, for 
entering saki timing, separately from the keyboard, 
but said keyt>oard may also be used for said input 
means. 

Since the detection of the ink discharge state in- 
vokes the ink discharge, the anrwunt of ink available 
for recording decreases, though slightly, when such- 
detection is executed. The configuration in which the 
user can vary the timing of such detectk>n allows to 
economize the ink anriount consumed in such detec- 
tion, and also allows to improve the accuracy of de- 
tection by effecting the detections at a short interval. 

Fig. 21 is a flow chart for the setting of the timing 
of said detection. As an example, the detectk>n is exe- 
cuted at an interval. In the automatic mode, selected 
either by a number of days (steps S41 , S42), or by a 
number of hours (steps S43, S44), or by a number of 
recorded sheets (steps S45, S46) or by a number of 
recorded characters (steps S47, S48), or executed, in 
the nr^nual mode, in response to an instruction en- 
t redfiromth input m ans 1005 (steps S39, S40). In 
additk)n to such pres ttabi intervals, th r may be 
selected a standard default interval, stored in the con- 
trol unit f the recording apparatus (st p S49). 



Thed tecttonofth inkdischarg state Is xecut- 
d according to th timing or th interval thus s t 
Suchs ttable timing of d tectk>n allows to ec no- 
5 mizeth ink consumptton required In the detection of 
the ink discharge Stat .andtoimprov th accuracy 
of detection. In the present embodiment, said manual 
mode Is rendered selectable separately from the au- 
tomatic mode In which the detectbn is executed at a 
10 preset interval, but it is also possit)le to combine both 
nruKjes whereby the detection is normally executed at 
the present interval but is additk>nally executed in re- 
sponse to an instructk)n entered through the input 
means when necessary. Also the present embodi- 
es ment is applicable to any ink jet recording apparatus, 
regardless of the means for detecting the ink dis- 
charge state or of the ink discharge means in the 
loaded recording head. 

20 [Embodiment 7] 

In the following there will be explained an Inkjet 
recording apparatus capable of detecting the ink dis- 
charge state, provided with vnevnoty means capable 

25 of retaining a series of recording data, and adapted to 
retain the recording data in case abnormality is de- 
tected in said detection and to repeat the recording 
operation according to thus retained data. Fig. 22 is 
a block diagram of such recording apparatus, in which 

30 provkied input means 1005, capable of entering the 
timing of detection of the ink dischaiige state and an 
instructton for detection in the nnanual nrKxJe as ex- 
plained in the preceding embodiment, and mennories 
1 006a, 1006b capable of retaining a series of record- 

35 ing data. Said menK)ries may be provided only in eith- 
er of the printer unit and the control unit 

At first, with respect to the detectk>n of the Ink 
discharge state of the present embodiment, there will 
be explained the difference from the method of the 

40 first embodintent, with reference to the flow chart 
shown in Fig. 23. Said detection is executed by the 
method already explained in the first embodiment, 
but aaJ mproved accuracy of detectfon Is attained b y 
e)sg^ting, once abnormal discharge state is detect- 

45 ed, another detection of the discharge state after an 
automatic discharge recovery operation including the 
ink suction from the recording head (step S59) and an 
ink discharge operatk>n of a predetermined anvount 
(step S60), and the abnormality is kJentif ied if the ab- 

50 normality is detected in such repeated detectk)n also 
after the initial abnormality detectton. 

Said discharge recovery operation and said ink 
discharge of predetermined amount are executed in 
order to confirm whether the initial abnormality de- 

55 tection is due to the exhaustton of ink in the recording 
head. More specif u^ly.sakJoperati nsar xecuted 
in rder to discriminat wh th rth initial abnormal- 
ity d tecti nisdu to bubble f rmation in the ink path 
f the recording head or Interruptbn of ink supply f r 
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example by the m ntscus destruction resulting from 
vibration at the ink discharg op nings, that may oc- 
cur pri rt the exhaustion of ink, or du to ink xhaus- 
tion in th recording head. 

If the ink is not yet exhausted, th ink supply from 
the ink tank can be restored by the discharge recov- 
ery operation including the suction operation (step 
S59), and, the ink supply is secured by the ink dis- 
charge of a predetermined amount In the step S60. 
Thus the normal ink discharge state is confirmed in 
the repeated detection. However, if said detected at>- 
norniality is due to the ink exhaustion, the secure ink 
supply cannot be restored in the discharge recovery 
operation. Even if the Ink of a small amount is guided 
to the ink discharge means by said suction operation 
from the ink tank, the ink supply will be again inter- 
rupted in the succeeding ink dtecharge operation of 
the predetermined aniK)unt, so that the discharge ab- 
normality is detected again in the repeated detection. 

Fig. 24 is a flow chart showing the control se- 
quence in which the recording data are retained in the 
memory means 1006 shown in Fig. 22, whereby the 
loss of the recording data, resulting from the abnor- 
mality in discharge, can be prevented. When an ab- 
normality in ink discharge is detected (step S62), the 
serial recording data that have been recorded at said 
detection are stored in the menfK)ry means 1 006 (step 
S63). Then the detectk>n of abnornnality is informed 
(step S64), and the inspectk>n of the recording head 
is requested (step S65). Upon detection of the conr>- 
pletion of such inspection or of the replacement of the 
recording head (step S66), and in response to the en- 
try of a conrunand for re-recording (step S67), there is 
discriminated whether a cassette sheet feeder (CSF) 
is mounted on the recording apparatus (step S68), 
and, if mounted, the sheet feeding operation is corv 
ducted (step S69), but, if not mounted, the sheet feed- 
ing is requested for example by a message display 
(step S70). After the sheet feeding operation is con- 
firmed (branch YES in step S71), the recording data 
are read from sakj menfK)ry means 1006 (step S72) 
and the re-recording operatk>n is conducted, based 
on said recording data (step S73). 

In the present embodiment, the position of the re- 
cording data, from which the re-recording is to be 
started, can be instructed, so that the re-recording is 
executed from a data positk>n which can be arbitrarOy 
instructed according to the location of the abnormal- 
ity in the recording. This embodinient is particularly 
suitable, among vanous recording apparatus, for use 
in the communication equipment such as the facsi- 
mile apparatus, in which the necessity for re- record- 
ing after the abnormality detection is high and the 
loss of recording data is considered critical. 

As explained in the fbrog ing, it is rendered pos- 
sibl toimprov the accuracy of d tection, by repeat- 
ing the d tection f r ink discharge state, after a dis- 
charge recov ry peration including a sucking per- 



ation and after a predetermined ink discharging per- 
ation, and also to prev ntth lossofrec rded data re- 
sulting from discharge abn rmatity, by r taining the 
5 recording data. 

Inth pres ntembodim nt,th compi tion of in- 
spection of the recording head or of replacement 
thereof n>ay be entered by the user through the input 
means. However, such information may be also ob- 

10 tained automatically by detecting the replacement of 
the recording head or the detachment and attach- 
ment thereof. 

The present invention has been explained by em- 
bodiments of the recording apparatus equipped with 

IS so-called serial-type recording head, but it is likewise 
applicable to the recording apparatus employing so- 
called full-line recording head. 

The present invention is particularly suitat>ly usa- 
ble in an ink jet recording head and recording appa- 

20 ratus wherein thermal energy by an electrothermal 
transducer, laser beam or the like used to cause a 
change of state of the ink to eject or discharge t he ink. 
This is because the high density of the picture ele- 
ments and the high resolution of the recording are 

25 possible. 

TTie typical sb-ucture and the operational princi- 
ple are preferably the ones disclosed in U.S. Patent 
Nos. 4,723,129 and 4.740,796. The principle and 
structure are applicable to a so-called on-demand 

30 type recording system and a continuous type record- 
ing system. Partrcularly, however, it is suitable for the 
on-demand type t)ecause the principle is such that at 
least one driving signal is applied to an electrothermal 
transducer disposed on a liquid (ink) retaining sheet 

35 or liquid passage, the driving signal being enough to 
provide such a quick temperature rise beyond a de- 
parture firom nudeation boiling point, by whk;h the 
thermal energy is provided by the electrothermal 
transducer to produce film boDing on the heating por- 

40 tion of the recording head, whereby a bubble can be 
formed in the liquid (ink) corresponding to each of the 
driving signals. By the production, development and 
contraction of the bubt>le, the liquid (ink) is ejected 
through an ejection outiet to produce at least one 

45 droplet The driving signal is preferably in the form of 
a pulse, because the development and contraction of 
the txjbble can be effected instantaneously, and 
therefore, the liquid (ink) is ejected with quick re- 
sponse. The driving signal in the form of the pulse is 

50 preferably such as disclosed in U.S. Patents Nos. 
4,463.359 and 4,345,262. In addition, the tempera- 
ture increasing rate of the heating surface is prefer- 
ably such as disclosed in U.S. Patent No. 4,313,124. 
The structure of the recording head may be as 

55 shown in U.S. Patent Nos. 4,558,333 and 4.459,600 
wh reinth heating portion is disposed at a bent por- 
tion, as well as the structure of the combinati n of th 
ejection outl t, liquid passage and th electrothermal 
transducer as disclosed in the above-mentioned pa- 
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tents. In addition, th present invention Is applicable 
t thestructur disclosed in Japan s Laid-OpenPa- 
t nt Application N .59-123670 wherein a comnnon slit 
is used as the ejection utletf r plural lectroth rmal 5 
transducers, and to the structure disclosed in Japa- 
nese Laid-Open Patent Application No. 59-138461 
wherein an opening for at)Sorbing pressure wave of 
the thermal energy is formed corresponding to the 
ejecting portion. This is because the present inven- io 
tion is effective to perform the recording operation 
with certainty and at high efficiency irrespective of 
the type of the recording head. 

The present Invention Is effectively applicable to 
a so-called full-line type recording head having a is 
length corresponding to the maximum recording 
width. Such a recording head may comprise a single 
recording head and plural recording head combined 
to cover the maximum width. 

In addition, the present invention is applicable to 20 
a serial type recording head wherein the recording 
head is fixed on the main assembly, to a replaceable 
chip type recording head which Is connected elecbi- 
cally with the main apparatus and can be supplied 
with the ink when it Is mounted in the main assembly, 25 
or to a cartridge type recording head having an Inte- 
gral ink container. 

TTie provlstons of the recovery means and/or the 
auxiliary means for the preliminary operation are pre- 
ferable, because they can further stabilize the effects 30 
of the present invention. As for such means, there are 
capping means for the recording head, cleaning 
means therefor, pressing or sucking means, prelimin- 
ary heating nneans which may be the electrothermal 
transducer, an addittonal heating element or a com- 35 
binaUon thereof. Also, means for effecting preliminary 
ejectbn (notfor the recording operation) can stabilize 
the recording operatbn. 

As regards the variation of the recording head 
nrKMjntable, it may be a single corresponding to a sin- 40 
gle color ink, or may be plural corresponding to the 
plurality of ink materials having different recording 
color or density. The present lnventk)n Is effectively 
applicable to an apparatus having at least on of a 
nrK)nochromatic mode mainly with black, a multhcolor 45 
nnode with different color ink materials and/or a full- 
color mode using the mixture of the colors, which may 
be an integrally formed recording unit or a combina- 
tion of plural recording heads. 

Furthermore, in the foregoing embodiment, the so 
ink has been liquid. It may be, however, an Ink mate- 
rial which is sdkjif ied below the room temperature but 
liquefied at the room temperature. Since the ink Is 
controlled within the temperature not lower than 30 
''C and not higher than 70 to stabOize the viscosity 55 
fth inkt provide th stabilized j cti n in usual re- 
cording apparatus of this typ , th ink may b such 
that it is lk]uid within th temperature range wh nthe 
recording signal is the present inventi n is applicabi 



to other types of ink. In one of them, the temp rature 
ris du toth thermal nergy is positively prev nted 
by consuming It for th stat chang of the ink from 
the solid state to the liquid Stat .An therinkmat rial 
iss Ikiif ied when it is I ft, to prevent the evaporati n 
of the ink. In either of the cases, the application of the 
recording signal producing thermal energy, the ink 
liquefied, and the liquefied ink may be ejec^. An- 
other ink material may start to be solidified at the time 
when it reaches the recording material. The present 
invention is also applicable to such an Ink material as 
Is liquefied by the application of the thermal energy. 
Such an ink material may t>e retained as a liquid or sol- 
Id n^aterial in through holes or recesses formed in a 
porous sheet as disclosed in Japanese L^ki-Open 
Patent Applcation No. 54-56847 and Japanese Lald- 
Open Patent Application No. 60-71260. The sheet » 
fac^ to the electrothermal transducers. The most ef- 
fective one for the Ink materials described above is 
the f Om boiling system. 

The ink jet recording apparatus may be used as 
an output terminal of an information processing appa- 
ratus such as computer or the like, as a copying ap- 
paratus combined with an image reader or the like, or 
as a facsimile machine having Information sending 
and receiving functions. 

While the invention has been described with ref- 
erence to the structures disclosed herein, it is not 
confined to the details set forth and this application 
is intended to cover such modifications or changes as 
may come within the purposes of the improvements 
or the scope of the following dainrvs. 

As stated above, according to the invention, 
since temperature characteristics is detected for each 
recording head, the temperature characteristics ap- 
plied to various uses so that It Is possible to obtain re- 
sults not depend on difference of each recording 
head. In addition by utilizing the detection results of 
the temperature characteristics an accurate detection 
of ink discharge state Is possible. Furthermore, ac- 
cording to the present Invention it is possible to detect 
the abnormal state of the ink discharge which might 
occur before ink is consumed up. 



Claims 

1. An ink jet recording apparatus for effecting a re- 
cording operation by means of a recording head 
for discharging ink from discharge openings onto 
a recording medium, comprising: 

an electrothermal converter provided on 
said recording head; 

temperature detection means for detecting 
the temperature of sakJ rec rding head; and 

temp rature charact ristics detection 
means for applying a predetermined n rgy to 
said lectrothermal conv rter, and detecting the 
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temperature change of said recording head re- 
sulting from said nergy application, b y means of 
said temperature detection means, thereby de- 
tecting the temp rature characteristics of said re- 
cording head, based on the result of said detec- 
tion. 

2. An ink jet recording apparatus according to daim 

1, further comprising: 

judgment means for judging the ink dis- 
charge state of said recording head, based on the 
result of detectton of the temperature character- 
istics of the recording head by said temperature 
characteristics detection means. 

3. An ink jet recording apparatus according to daim 

2, further comprising: 

informing means for providing informa- 
tion, based on the result of judgment of Ink dis- 
charge state by saki judgnnent means. 

4. An ink jet recording apparatus according to daim 
2, wherein the temperature detection means for 
sakJ recording head are provided in plural units, 
and the detection of the temperature character- 
istics of the recording head and the judgment of 
the ink discharge state are conducted according 
to the result of temperature detectk>n in a prede- 
termined number of temperature detec^on 
means anrwng saki plural units. 

5. An ink Jet recording apparatus according to daim 
2, further comprising: 

input means which allows the user to enter 
an instruction for the executnn of detectk>n of 
sakj ink discharge state, wherein said judgment 
means is adapted to judge the ink discharge state 
in response to the instruction entered by the user 
through said input means. 

6. An ink jet recording apparatus according to daim 
1, wherein saW electrothermal converter is a 
heater. 

7. An ink jet recording apparatus according to daim 
8, wherein the predetermined anfK)unt of energy 
applied to said electrothermal converter is capa- 
ble of inducing ink discharge. 

8. An ink jet recording apparatus according to daim 
6, wherein the predetermined annount of energy 
applied to said electrothermal converter is Incap- 
able of indudng the ink discharge. 

9. An ink jet recording apparatus according to daim 
6, wh rein th pr^etermined arrKHjnt of nergy 
applied to said electrothernnal converter indudes 
an anrK)unt indudng th ink discharge and an- 



ther amount n t indudng th ink discharg . 

10. An ink j t recording apparatus according to daim 
5 1, wherein said el ctrothermal converter is a 

heat r for a purpose th r than ink discharge. 

11. An Inkjet recording apparatus according to daim 
1, wherein said temperature characteristics de- 

10 tection means is adapted to detect the tempera- 
ture characteristics of said recording head, based 
on the temperature increase of said recording 
head detected by said temperature detection 
means, when said predetermined energy is ap- 

15 plied to sakI electrothermal converter. 

12. An Inkjet recording apparatus according to daim 
1 , wherein said temperature charactertetics de- 
tection means is adapted to detect the tempera- 

20 ture characteristk:s of said recording head, based 
on the temperature descent of said recording 
head detected by said temperature detection 
means, after the applicatk)n of said predeter- 
mined energy to said electrothermal converter. 

25 

13. An Inkjet recording apparatus according to daim 
1 , wherein the application of sakJ predetermined 
energy to said electrothermal converter is con- 
ducted by the supply of plural pulses of a prede- 

30 termined interval. 

14. An ink jet recording apparatus according to daim 
1 3, wherein the detection of temperature change 
in said recording head by said temperature detec- 

35 tk>n means is conducted in synchronization with 

the cydes of sakl pulses. 

15. An Inkjet recording apparatus according to daim 
1 , further comprising: 

40 ambient temperature detectk)n means for 

detecting the ambient temperature of said record- 
ing head, wherein saki temperature characteris- 
tics detection means is adapted to correct the re- 
sult of detection of the temperature change in 

45 said recording head, according to the ambient 
temperature detected by said ambient tempera- 
ture detectk>n means. 

16. An ink jet recording apparatus according to daim 
50 1 , further comprising: 

ambient temperature detectton means for 
detei^ng the ambient temperature of said record- 
ing head, wherein saki temperature characteris- 
tics detection means is adapted to vary the 
55 amount of energy applied to said electrothermal 

converterforthe purpose of d tecttonofth t nv 
perature characteristics of saki recording head, 
based on the ambi nt temperature deteded by 
said ambient temperature d tection means. 

15 
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17. An ink j t recording apparatus according to cHaim 
1, further comprising: 

an ink receiving nnemberf r receiving the 
ink discharged from the discharg opening of s 
said recording head, and 

means for controlling the relative position 
in such a nr^nner said recording head becomes 
opposed to said ink receiving member when the 
energy capable of inducing ink discharge is ap- io 
plied to said electrothermal converter, for the 
purpose of detecting the temperature character- 
istics of said recording head. 

1 8. An Ink jet recording apparatus according to daim is 
1, further comprising: 

an ink receiving member for receiving the 
ink discharged from the discharge opening of 
sak) recording head; 

means for removing ink from said ink re- 20 
ceiving memt>er; and 

means for activating said ink removing 
means, at the application of energy of an amount 
capable of inducing Ink discharge to saki electro- 
thermal converter for the purpose of detecting 25 
the temperature characteristics of said recording 
head, t>efore and/or after of said energy applica- 
tion. 

1 9. An ink jet recording apparatus according to daim 30 
1 , wherein the temperature characteristics of said 
recording head indude the temperature change 
therein when the energy of an amount not induc- 
ing the ink discharge is applied to sakJ electro- 
thermal converter. 35 

20. An Inkjet recording apparatus according to daim 
1 , wherein the temperature characteristics of said 
recording head indude the temperature change 
therein when the energy of an amount capable of 40 
indudng ink dtecharge is applied to sakJ eledro- 
thermal converter, in a state in which said record- 
ing-head is f Died with ink. 

21 . An ink jet recording apparatus according to daim 45 
1, wherein the temperature characteristics of sakl 
recording head indude the temperature change 
therein when the energy of an arrKXjnt capable of 
indudng ink discharge is applied to sak) electro- 
thermal converter, in a state in which said record- so 
ing head is not f flled with ink. 

22. An Inkjet recording apparatus according to daim 
1, wherein saki recording head is adapted to in- 
duce a state change induding tnibble generation 55 
in the ink, by means of thermal nergy, and to ef- 

f ct ink discharg t>as d on saki state chang . 

23. An Ink jet recording apparatus for eff cting a re- 



cording peration by means of a recording head 
for discharging ink firom discharg p nlngs nto 
a rec rding medium, comprising: 

input m ans for enabling the perator to 
instruct th xecutk>nofd tecti nofth ink dis- 
charge state of said recording means; and 

ink discharge state detection means for 
detecting the ink discharge state of saki record- 
ing head, by causing the ink discharge from saki 
recording head, in response to the instruction of 
the operator entered through saki input means. 

24w An ink jet recording apparatus according to daim 
23, wherein said input means is adapted to enter 
a predetermined timing for detecting the ink dis- 
charge state, and said ink discharge state detec- 
tion means is adapted to detect the ink discharge 
state according to the entered timing. 

25. An ink jet recording apparatus according to daim 
23, wherein sakl recording head is equipped with 
an electrothernnal converter for heating the ink 
for the purpose of inducing ink discharge. 

26. An Inkjet recording apparatus according to daim 
23, further comprising an electrothermal conver- 
ter for a purpose other than ink heating. 

27. An ink jet recording apparatus according to daim 
23, wherein saki recording head is adapted to in- 
duce a state change including bubble generation 
in the ink« by means of thermal energy, and to ef- 
fect ink discharge based on said state change. 

28. An ink jet recording apparatus for effecting a re- 
cording operation by means of a recording head 
for discharging ink from discharge openings onto 
a recording medium, comprising: 

ink discharge state detection means for 
detecting the ink discharge state of saki record- 
ing head; and 

control means for contrdling said ink dis- 
charge state detection means to effect the detec- 
tion of the ink discharge state again, in case saki 
detection means detects a defective state of ink 
discharge from said recording head. 

29. An Inkjet recording apparatus according to daim 
28, further comprising: 

discharge recovery process means for re- 
storing the ink discharge from said recording 
head; 

wherein, when said ink discharge state de- 
tection means detects a defective state of ink dis- 
charg from saki recording head, said contrd 
means is adapted to so control said discharg re- 
cov ry process m ans to ffect a discharge re- 
cov ry process by sucking ink from said record- 
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ing head, and then to so control said ink dis- 
charge state detecti n means to again d tectthe 
ink discharge state. 



31. An ink jet recording apparatus according to daim 
28, wherein said recording head is adapted to in- 
duce a state change Including bubble generation 
in the ink, by means of thermal energy, and to ef- 
fect ink discharge based on said state change. 



34w An Inkjet recording apparatus according to daim 
32, further comprising: 

means for enabling sakJ recording head to 
again record the predetermined recording data, 
based on the recording data stored in said mem- 
ry means, in cas said ink discharge state de- 
tecti n means d tects a defectiv state of th Ink 
discharg from said recording head. 



35. An ink jet recording apparatus according to daim 
31,wher in said recording head is adapt d to in- 
duce a stat change including bubbi gen rati n 

5 Inth Ink, by means ofthermal energy, and to ef- 

fect ink discharg based n said stat chang . 

36. A method for detecting the temperature charac- 
teristics of an ink jet recording head, comprising 
steps of: 

applying a predetermined energy to an 
electrothermal converter provkJed in the record- 
ing head for effecting recording by discharging 
Ink from a discharge opening onto a recording 
medium; 

detecting the temperature change in sakl 
recording head, resulting from sakj eneigy appli- 
catk)n; and 

detecting, based on the result of said de- 
tection, the temperature characteristics of sakJ 
recording head. 

37. A method according to daim 36, wherein the 
state of ink discharge from saki recording head is 

25 judged according to the result of detection of the 
temperature characteristics of the recording 
head. 

38. An ink jet recording apparatus for effecting a re- 
cording operation by nr^eans of a recording head 
for discharging ink from discharge openings onto 
a recording medium, comprising: 

an electrothermal converter provided on 
said recording head; 

temperature detection means for detecting 
the temperature in the vicinity of said recording 
head; and 

judgnrtent means for judging the ink dis- 
charge state of sakI recording head, through the 
comparison between the temperature character- 
istics of said recording head based on the tem- 
perature change In the vidnity of said recording 
head at the application of a predetermined ener- 
gy to said electrothermal converter, and the tenv 
perature detected by said temperature detection 
means. 

39. An Inkjet recording apparatus according to daim 
38, wherein saki temperature characteristics are 

50 represented by a temperature change A In the 
normal ink discharge state and a temperature 
change B in an abnormal Ink discharge state. 

40. An Inkjet recording apparatus according to daim 
55 38, wherein said temperature characteristics are 

represented by a temperature dTA in th normal 
Ink discharg stat atth application of said pre- 
d t rmin d n rgy to said I ctroth rmal con- 
V rter,andatemp rature difference TD b tween 



30. An ink j t recording apparatus according to daim 
28, further comprising: 

discharge recovery process means for re- 
storing the ink discharge from sakl recording 
head; io 

wherein, when said Ink discharge state de- 
tectk)n means detects a defective state of Ink dis- 
charge from said recording head, said control 
means is adapted to so control said discharge re- 
covery process means as to effect a discharge is 
recovery process by sucking ink firom said record- 
ing head, then to cause said recording head to 
discharge ink of a predetermined amount, and to 
so control said ink dischaiige state detection 
means to again detect the ink discharge state. 20 



32. An Ink jet recording apparatus for effecting a re- 
cording operation by means of a recording head 
for discharging ink from discharging openings 30 
onto a recording nnedlum, comprising: 

ink discharge state detection nneans for 
detecting the Ink discharge state of sakJ record- 
ing head; and 

menrary means for storing, when saki ink 35 
discharge state detection means detects a defeo- 
tive state in the Ink discharge from saki recording 
head, the recording data at least starting from the 
preceding detection of satisfactory state of the 
Ink discharge. 40 

33. An Inkjet recording apparatus according to daim 
32, further comprising: 

means capable of Instructing the record- 
ing data, in case the recording operation is re- 45 
started based on the recording data stored In saki 
mennory means, in case said ink discharge state 
detection means detects a defective state of the 
Ink discharge from said recording head. 
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said temperature dTA and a temperature at an ab- 
n rmal discharge state lacking th ink discharge. 

41. An ink j t recording apparatus according to daim 
38, wh rein said temperature charact ristics are 
represented, based on a temperature dTC when 
said electrothermal converter is given an energy 
in a range not inducing ink discharge from said 
discharge opening. 

42. An Inkjet recording apparatus according to daim 
38, wherein said temperature characteristics are 
represented by a value obtained by applying the 
predetermined energy to said electrothermal 
converter in a plurality of recording heads and 
statistically processing the temperature detected 
in the vidnity of said recording head. 

43. An Inkjet recording apparatus according to daim 
42, wherein said temperature characteristics are 
represented by a nrmimum temperature TA ena- 
bling the normal Ink discharge from said record- 
ing head when the predetermined energy is ap- 
plied to said electrothermal converter in a plural- 
ity of recording heads, and a minimum tempera- 
ture TB of the abnormal dtecharge state in which 
the ink is not discharged from said recording 
head. 

44. An Inkjet recording apparatus according to daim 
42, wherein said temperature characteristics are 
represented by the temperature dTAenabling the 
normal ink discharge from said recording head at 
the applicatk)n of the predetermined energy to 
said electrothernDal converter in a plurality of re- 
cording heads, and the minimum value TD of the 
temperature difference (dTB - dTA) between the 
temperature dTB of the abnornial discharge state 
in which the ink is not discharged from said re- 
cording head and said temperature dTA. 



informing means for providing informa- 
tion, based on the result of judgm nt f inkdis- 
charg stat by said judgment n>eans. 

5 

47. An ink J t recording apparatus according t daim 
38, comprising said temperature detection means 
in plural units, wherein the judgment of the ink 
discharge state is conducted according to the re- 

10 suit of detection in a predetermined number of 
temperature detectk>n means anwng said plural 
units. 

48. An Inkjet recording apparatus according to daim 
15 38, further comprising: 

Input means which allows the user to enter 
an instructk)n for the execution of detection of 
said ink discharge state, wherein said judgment 
means is adapted to judge the ink discharge state 
20 in response to the instruction entered by the user 

through saki input means. 

49. An Inkjet recording apparatus according to daim 
38, wherein said recording head is adapted to in- 

25 duce a state change including bubble generation 
in the ink, by means of thermal energy, and to ef- 
fect ink discharge based on said state change. 

50. An ink jet recording apparatus induding means 
30 for detecting the temperature characteristtes of 

an Inkjet recording head wherein the result of de- 
tection is utilised for detecting the ink discharge 
state. 

35 51. An ink jet recording apparatus induding means 
for detecting the temperature characteristics on 
plural recording heads, and means for effecting 
statistical processing to enable exact detection of 
the ink discharge state, unaffected by the individ- 

40 ual difference of the recording heads. 



45. An ink jet recording apparatus according to daim 
42, wherein said temperature characteristics are 
represented by a temperature dTA enabling the 45 
normal ink discharge from said recording head, 

said temperature being detected at the applica- 
tion of a predetermined energy El to the electro- 
thernrtal converter in a plurality of the recording 
heads, and by a ratio of a temperature dTB in an so 
abnormal discharge state in which the ink is not 
discharged from said recording head, to a tern- 
perature dTC detected by said temperature de- 
tection means when an energy E2 not indudng 
the ink discharge from said recording head is ap- 55 
plied. 

46. An ink j t recording apparatus according to daim 
38, fiirth r comprising: 
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